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Abstract

We conducted the present review facing the enormous growth of sci-
entific knowledge in Huntington’s disease (HD) and the need for a 
practical update for general neurologists. HD is a devastating neu-
rodegenerative disease of autosomal dominant inheritance and full 
penetrance, caused by an expansion of the cytosine-adenine-guanine 
(CAG) trinucleotide in the huntingtin gene located on chromosome 
4. The clinical phenotype varies according to the age of presentation, 
but it is mainly characterized by cognitive, motor and psychiatric dis-
turbances. Many mechanisms were raised trying to explain the path 
to neurodegeneration, including disruption of proteostasis, transcrip-
tion and mitochondrial dysfunction as well as direct toxicity. There 
has been tremendous progress regarding disease pathogenesis, clini-
cal management and promising new therapeutic avenues including 
disease-modifying treatments that pose a challenge and a need for a 
practical approach to be taken by movement disorders specialists and 
general neurologists.
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Introduction

Huntington’s disease (HD) is an autosomal dominant, neuro-
degenerative disorder with complete penetrance caused by a 
cytosine-adenine-guanine (CAG) trinucleotide repeat expan-
sion in the huntingtin (HTT) gene (previously called IT-15) on 
chromosome 4. The expanded CAG results in a mutant protein 

(huntingtin (HTT)) rich in glutamine amino acids (polyQ), 
with toxic properties to the cell. It was first described by an 
American physician, Charles Waters in 1841, but it was not 
until 1872 when George Huntington wrote a detailed report of 
hereditary chorea and coined the name by which we know it 
today. In 1983, a connection to chromosome 4 was recognized 
and 10 years later the causative gene was identified in the pop-
ulation of Maracaibo, Venezuela [1]. Although there are many 
symptomatic treatment options, several ongoing studies may 
be the long-awaited response to this devastating disease.

Methods

We conducted a research of the literature through PubMed 
on HD. Keywords such as Huntington’s disease, pathogen-
esis, genetics, clinical variants and differential diagnoses were 
used. We also researched information regarding treatments, 
considering both the traditional ones as well as more recent 
advances in this area. The aim was to summarize all these data 
and facilitate access to the information for both general neu-
rologists and movement disorders specialists.

Epidemiology

The worldwide prevalence is extensively varied with an equal 
distribution between men and women. It is estimated in 5-10 
cases per 100,000 inhabitants, with lower numbers in East 
Asians, and higher in white Europeans. Annual incidence var-
ies between one and four cases per million inhabitants. The 
advent of the genetic testing allowed locating the origin of the 
disease in Western Europe (France, Germany and the Nether-
lands), with subsequent expansion towards America, England, 
South Africa and Australia.

Isolated populations with a very high prevalence were re-
ported in Maracaibo (Venezuela) and Canete (Peru) in South 
America, in Tasmania in Oceania (17.4 per 100,000 people), 
and in a small region of Scotland called Moray Firth [2] (Fig. 
1).

The Peruvian cluster was first described in 1990, by 
identifying 30 cases among 392 individuals corresponding to 
a single family, in the Canete Valley. The first case reported 
within this family group could date from 120 years. Both filial 
data and personal traits all corresponded to mixed race peo-
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ple; therefore, the HD mutation is believed to be originated 
from European immigrants with subsequent local mixing. This 
small population was considered the starting point from where 
HD then spread to the entire country [3] (Fig. 2).

In North America, the highest prevalence was reported by 

Fisher and Hayden [4] among white people in Canada (17.27 
per 100,000). In the United States, the age-adjusted cumulative 
incidence rate was 1.22/100,000 persons, and age-adjusted di-
agnostic frequency is 6.52/100,000 persons.

On the other hand, studies from Asia show ranges from 

Figure 2. Prof. Negrete, Americo, who identified the Zulia cluster at Maracaibo, Venezuela.

Figure 1. Cluster worldwide populations with the highest prevalence.
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0.11 per 100,000 to 0.72 per 100,000 markedly lower than 
those in most of Oceania, Western Europe and the United 
States [5].

Results from Europe have varied with the years, as seen 
comparing studies in 1989, where the prevalence found was 
4.47/100,000 population to 2010 with 5.16/100,000 [2].

Genetics

The HTT gene, located in chromosome 4p16.3, was first iden-
tified in 1993 [6]. It encodes for the huntingtin (HTT) protein. 
Though the precise function of the protein remains unknown, 
it apparently plays an important role in neurons and is essen-
tial for normal embryogenesis. Huntingtin is found in many 
tissues, with the highest levels of activity in the brain. Within 
cells, this scaffold protein may be involved in chemical sig-
nalling, gene transcription, vesicular transport, protein bind-
ing and protection from apoptosis [7, 8]. Huntingtin exon 1 
sequence contains 17 amino acids at the N-terminus (Fig. 3), a 
naturally polymorphic CAG trinucleotide repeat, and a 51-res-
idue proline-rich domain (PRD). The CAG repeats are trans-
lated into an expanded polyglutamine tract. Accordingly, HD 
is one of the polyglutamine repeat expansion diseases which 
also include some autosomal dominant spinocerebellar ataxias 
and spinal and bulbar muscular atrophy, considered thus far a 
monogenic disease [9].

The range from 17 to 20 repeats is the most commonly 
found in unaffected individuals. Repeats between 27 and 
35 (intermediate alleles) are infrequent and not associated 
with disease manifestations; however, they are meiotically 
unstable (mosaicism) and can expand over the generations 
into the pathological range, as was seen in paternal trans-
mission. The same premise applies for cases of incomplete 
penetrance (36 - 39 repetitions), where the repetition range 
is clearly associated with positive symptoms, but consider-
ing a late onset age of presentation, some individuals may 
never manifest symptoms, but transmit the mutation to fu-
ture generations without any previous history [10]. The vast 
majority of adult-onset cases have 40 - 50 CAGs, whereas 
expansions of 50 and more are associated with juvenile onset 
(Westphal variant). There is an inverse correlation between 
the age of onset and the number of CAG repeats, thus, longer 
repeats are associated with an earlier presentation. Despite 
that, the extension of the CAG triplet accounts only for 70% 
of this variance. Meanwhile, the remaining percentage is 
represented by other modifying factors. The largest genome 
wide association study (GWAS) in HD identified a number 
of genes involved in DNA repair that might enhance mosai-
cism and promote the expansion, impacting the age of motor 
onset. The most important ones are located on chromosomes 
8 and 15, in charge of onset-hastening and onset-delaying, 
respectively [11-13] (Table 1).

Many reports established that pure CAG length, rather 
than the final number of encoded-glutamine, is the key of HD 
pathophysiology. Motor age at onset is then partly predicted by 
the inherited number of CAG repeats along with other modify-
ing genes and epigenetics. Some other DNA repair genes, such 
as FAN1, MLH 1, MLH3, MSH3 and RRM2B/UBR5, might 

affect disease severity by modifying somatic expansion of the 
CAG repeat, through the entire patient’s life [14, 15].

Pathogenesis

The molecular alterations are not yet fully understood. Despite 
toxicity results from a gain of function of the mutant protein, 
the wild type loss of function also contributes to the patho-
physiology of the disease. It plays an important role in brain 
development, so its inactivation cannot be entirely dismissed 
as a road to neurodegeneration, as deletion of the huntingtin 
gene prior to neural development showed to be lethal in mice 
models.

Therefore, HD has been suggested as a neurodevelopmen-
tal disorder characterized by abnormalities in the cortex form-
ing process as well as in mitosis and cell cycle progression 
[16].

A mechanism recently reported could change the para-

Figure 3. Illustrative figure showing how Huntingtin exon 1- represents 
a particular DNA segment known as a CAG trinucleotide repeat. This 
fragment is made up of a series of three DNA nitrogenous bases (cy-
tosine, adenine and guanine) that appears multiple times in a row. The 
normal CAG repetitions are 10 to 35. HD is caused by expansion of 
that CAG trinucleotide that encodes the 17 AA N-terminal 17; a polyQ 
tract and 51-residue proline-rich domain (PRD), which is translated into 
a corresponding polyglutamine tract that turns medium spiny neurons 
in the striatum exceptionally susceptible to apoptosis, leading to their 
dysfunction and early death. HD: Huntington’s disease; CAG: cytosine-
adenine-guanine.
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digm regarding the number of polyglutamines and the age of 
onset of the disease. CAA is considered an interruption triplet 
that alternates with the CAG along the gene, and even though 
it does not interfere with HD pathogenesis as it codes for glu-
tamine itself too, the lack of CAA interruption may increase 
the polyglutamine expansion instability posing a higher risk 
of transmission to the offspring. This might be particularly rel-
evant for people with repeat lengths close to the pathological 
threshold.

There are descriptions about rare individuals with two 
copies of the mutant allele. Patients with biallelic CAG or 
compound heterozygous expansion have been described in di-
verse ethnic groups and the prevalence ranges from 0.1% to 
0.4%. Clinical features are similar to heterozygous individuals 
regarding age of onset and disease course, although some re-
ports suggested a more severe clinical course with a more rap-
id progression in the biallelic group. Possible explanations for 
biallelic HD include non-paternity, an intermediate or reduced 
penetrance HTT allele in the unaffected parent, a full mutation 
allele in an asymptomatic parent who died prematurely or HTT 
uniparental isodisomy [17].

Mutant huntingtin aggregation

Polyglutamine aggregates in the brain were initially found in 
the nucleus and subsequently in the cytoplasm of neurons of 
HD patients. Besides the main component is still the expanded 
mutant huntingtin, many other proteins, including ubiquitin, 
proteasome subunits and chaperones, transcription factors, and 
the wild-type huntingtin were also found.

Studies showed that the aggregates in adult-onset HD are 
typically cytoplasmic, while younger patients were more fre-
quently located in the nucleus. These perinuclear aggregates 
proposed to be neurotoxic, causing cell death by abnormal 
activation of the cell cycle leading to apoptosis [18]. In HD, 
oligomers of HTT protein sequestered chaperones, proteo-
some subunits, transcription factors and wild-type huntingtin 
(wHTT), weakening the protective capacity of the cell induc-
ing a higher autophagy flux rate [19].

In addition to the aforementioned regarding HTT frag-
ments, the potential importance of smaller N-terminal frag-
ments is highlighted by their presence in HD post-mortem 
brains and by the fact that nuclear inclusions are only detected 
by antibodies to the N-terminus of HTT. The precise length of 
these fragments and the underlying mechanism remains un-
known. Studies by Sathasivam et al showed that CAG repeat 
length dependent aberrant splicing of exon 1 HTT results in 
a short polyadenylated mRNA, which is latter translated into 
an exon 1 HTT protein. Given the last has shown to be highly 
pathogenic in HD mouse models, the aberrant splicing of HTT 
mRNA provides a mechanistic basis for the molecular patho-
genesis of HD and encourages the search for possible RNA-
targeted therapeutic strategies [20].

Huntingtin toxic fragments

A key molecular feature is the cleavage of huntingtin in the 
cytoplasm followed by the translocation of the fragments into 
the nucleus of striatal neurons. The accumulation of these 
fragments comes from proteolysis by caspases, calpains and 
other proteases. Although both types, wild and expanded, get 
cleaved, the presence of mutant fragments increases toxicity 
and has been proposed as the first step in the process of neuro-
degeneration [21].

Disruption of transcription

Several studies have demonstrated that expression profiles 
of a vast number of genes are deeply modified, mainly those 
related to neurotransmitter receptors and ion channels and 
brain-derived neurotrophic factor (BDNF), a pro-survival 
factor produced at the cortex which promotes striatal neurons 
survival.

The transcriptional activation and suppression controlled 
by chromatin acetylation has been found to be levelled down 
in HD pathology. Two enzymes with opposite functions are in 
charge of the acetylation and deacetylation of histone proteins, 

Table 1.  Genetic Modifiers of Blood DNA Somatic Expansion Scores of the HTT CAG Repeat

SNP ID Chr Gene A1 A2
TRACK-HD Enroll-HD Meta-analysis

β P P-FDR β P P-FDR P-FDR
rs3512 15 FAN1 C G 0.06 0.003 0.034 0.05 6.7 × 10-5 4.0 × 10-4 4.8 × 10-6

rs175080 14 MLH3 A G -0.053 0.034 0.034 -0.029 0.013 0.026 8.0 × 10-4

rs147804330 2 RP11-481J13,1 A G -0.107 0.01 0.073 0.003 0.912 0.912 0.246
rs1382539 5 MSH3 A G -0.045 0.101 0.101 -0.023 0.077 0.116 0.009
rs1799977 3 MLH1 G A -0.032 0.093 0.314 -0.034 0.009 0.026 0.004
rs20579 19 MIG1 A G -0.042 0.112 0.314 -0.002 0.908 0.912 0.351

Shown is the genetics association data for the six SNPs genotyped in TRACK-HD and replicated in Enroll-HD. SNPs are ordered by decreasing 
P-value of their association with the somatic expansion score in the TRACK-HD cohort. Note that in the preliminary analysis using a slightly larger 
TRACK-HD cohort including four participants with 39 pure CAG repeats (Q1 = 39) and six non-Caucasians, the association between somatic expan-
sion score and rs20579 in LIG1 was P = 0.072 and rs20579 was thus selected for replication in Enroll-HD. Chr: chromosome; A1: minor allele; β: 
regression coefficient; P: unadjusted P-value; P-FDR: P-value adjusted for multiple testing using the Benjamini-Hochberg false discovery rate cor-
relation; HD: Huntington’s disease; CAG: cytosine-adenine-guanine; HTT: huntingtin.
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histone acetyl-transferases and histone deacetylases (HDACs), 
favoring chromatin structure modifications (euchromatin (non-
compact form or active state) or heterochromatin (compact or 
inactive form which inhibits transcription and replication)), re-
spectively. The imbalance between these processes contributes 
to an altered transcriptional programme.

Mutant huntingtin interacts with many transcription regu-
lator factors, involving: 1) cell proliferation, DNA damaged 
repair (p53, CREB, CBP, MSK-1); 2) energy metabolism 
(PGC-1a); 3) organelle, vesicle transport and factors that regu-
late the dynactin/dynein activity; 4) genes related with dopa-
mine 2 receptors (D2R) [22] (Fig. 4).

Alterations in gene expression beyond transcription: epi-
genetics and noncoding RNAs

In addition to the DNA methylation, HTT promotes the con-
formation of inactive, condensed heterochromatin. Sirtuins 
(SIRT) are a family of nicotinamide adenine dinucleotide 
(NAD)-dependent HDACs with multiple cellular functions 
which are normally blocked by whtt, while Htt induces its 
overexpression, affecting cell survival and mitochondrial bio-
genesis [23].

Gene expression is also influenced by non-coding RNAs. 

RNA toxicity mechanisms include aberrant protein-RNA in-
teractions and protein sequestration, but also the hairpin sec-
ondary structure formed by CAG-RNA resembles the double-
stranded RNA structures that are substrates for Dicer, dividing 
them into shorter repeats that silence specific genes [24] (Figs. 
5, 6). All these pathways appear as a novel target therapy for 
HD that will be more extensively discussed later.

Figure 4. Example of the transcription impairment in HD. Mutant htt 
results in down regulation of certain transcription factors (MSK-1) and 
sequestration of others, CREB and CBP. HD: Huntington’s disease.

Figure 5. Non-coding small RNA with each specified function. miRNA: mRNA degradation/block translation; siRNA: mRNA deg-
radation, chromatin condensation; piRNA: interaction piwi family of proteins; lncRNA: chromatin remodelling/transcriptional and 
post-regulation/precursors for siRNAs.
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Altered synaptic plasticity and neuronal homeostasis

Synaptic abnormalities are premature pathological events in 
HD. HTT aggregates block axon transport, in addition to re-
cruiting and annulling motor proteins, therefore inhibiting fast 
axonal transport. Loss of function of wHTT might be another 
point to consider, as in normal conditions, it enables vesicle 
transport.

The scaffold condition of the huntingtin protein relies on 
its capacity to interact, among other large number of proteins 
and factors, with huntingtin-associated protein 1 (HAP1), 
which in turn modulates other bindings with a microtubule 
protein complex (dynactin or kinesin), promoting a balance 
between anterograde and retrograde trafficking along the syn-
aptic area [25].

Ubiquitin-proteasome system (UPS) and autophagy

The cell machinery possesses many different mechanisms to 
dispose of abnormal proteins and organelles; for instance, the 
UPS, and the autophagy-lysosome system [26].

Chaperones manage the initial step in the UPS, as they 
contribute to the correct protein folding, to be later ubiquit-

inized, and finally degraded inside the proteasome. The excess 
of unfolded proteins induces aggregation. Oligomers of HTT 
sequester chaperones, favoring protein accumulation [27].

Autophagy is a vesicular pathway through which ab-
normal proteins are included in a double membrane vesicle 
conforming an autophagosome that ultimately fuses to the 
lysosome promoting degradation. The failure of this system 
promotes cellular apoptosis by increasing misfolded inside the 
cytosol contributing also to increase the endoplasmic reticu-
lum (ER) stress, oxidative stress, mitochondrial dysfunction 
among other apoptotic pathways [28].

Some reports describe a relation between the impairment 
in proteasome activity and the expression of polyglutamine-
expanded huntingtin, either because some components of the 
UPS could be redirected into inclusions or some aggregates 
of HTT are resistant to the proteostasis network. Additionally, 
HD autophagosomes have a deficient axonal transport, impair-
ing the correct autophagosome-lysosome fusion [26].

Mitochondrial dysfunction

HTT favors an increased entry of calcium inducing a failure at 
the respiratory chain. The final common pathway is a defective 

Figure 6. Gene expression is by non-coding RNAs. RNA toxicity mechanisms include aberrant protein-RNA interactions and 
protein sequestration, but also the hairpin secondary structure formed by CAG RNA resemble double-stranded RNA structures 
that are substrates for Dicer, dividing them into shorter repeats that silence specific genes.
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ATP production conducting the cell to apoptosis.
Peroxisome proliferator-activated receptor gamma coacti-

vator 1-alpha (PGC-1a) is a nuclear coactivator that regulates 
the expression of certain genes that mediate mitochondrial bio-
genesis and respiration; in HD, its transcription is decreased. 
Additionally, HTT inhibits some membrane transport complex 
components, such as translocase inner membrane (TIM23), 
disturbing protein traffic through the mitochondrial membrane, 
leading to respiratory dysfunction and neuronal cell death [29].

All mentioned above determines an excessive production 
of reactive oxygen species (ROS) and free radicals, worsening 
the damage within the mitochondria, including the mytophagy 
pathway.

Cell-to-cell transmission of pathological aggregates

Although the exact mechanisms remain unknown, unconven-
tional modes of secretion (exosomes) as well as tunneling 
nano-tubes have been proposed to contribute to migration of 
HTT aggregates from one neuron to another. The accumula-
tion of polyglutamine proteins in HD serves as a starting point 
to increase the level of intracellular aggregation. Reports from 
Guo et al suggested a cell-to-cell transfer through actin-rich 
membrane bridges which connect cells and mediate the pas-
sage among neurons. This was supported by in vivo studies 
that endorse this hypothesis using human embryonic stem cell 
(hESC)-derived neurons. They proved that when these cells 

were unified with corticostriatal organotypic brain slices in 
mouse models, the former were capable of forming aggregates 
after 2 or 4 weeks supporting the seeding capacity of the HTT 
[30] (Fig. 7).

Astrocyte and microglial dysfunction

Astrocytes provide a support network to neurons and prevent 
excitotoxicity by reuptaking extracellular glutamate. Patho-
logical huntingtin aggregates are more pronounced in neurons 
than in glial cells, probably due to the absence of cell division 
in neurons or to an altered protein homeostasis system.

Experimental models support a correlation between GLT-
1 glutamate transporter levels and HTT expression in astro-
cytes and a more severe phenotype when HTT was expressed 
not only in neurons but also in astrocytes. These findings sup-
port a main role of astroglia to the development of the disease 
[31].

Sphingosine receptors

Sphingosine phosphate 1 (S1P) is a potent signalling lipid, sig-
nificantly reduced in HD. Its receptor, S1PR, is found on neu-
rons, astrocytes and oligodendrocytes. The activation of both 
(SP1 and S1PR) promotes autophagy, reducing the aggrega-
tion of HTT through the activation of AKT and ErK survival 

Figure 7. Summary of mechanisms involved in HD pathogenesis. HD: Huntington’s disease.
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pathways and BDNF production [32]. This fact could be taken 
into account in future treatments option (Fig. 8).

Clinical Presentation

HD is characterized by motor and non-motor manifestations, 
including cognitive decline and psychiatric disturbances. Mean 
age at disease onset is 45 years old, with duration of 17 - 20 
years. Extrapyramidal motor signs and symptoms associated 
to HD define the clinical onset of the disease. However, cogni-
tive and psychiatric aspects usually precede these by several 
years and should be taken into account [33] (Fig. 9).

Juvenile HD (JHD, Westphal variant)

JHD begins before the age of 20 years while childhood-onset 
begins before 10, both variants carry the largest CAG expan-
sions (> 60 repeats). Its mean prevalence rate comes to 5%, 
probably underestimated due to the atypical presentation [34]. 
The clinical features are generally different from adults and 
much more varied, mostly characterized by parkinsonian signs 
and dystonia, aside from behavioral/mood and neuropsychiat-
ric disturbances, learning disorders, as well as early and severe 
cognitive impairment (Westphal variant). In addition, child-
hood patients may also present cerebellar features, epilepsy, 

myoclonus, spasticity, developmental delay and autism, con-
stituting a true challenge for an accurate diagnosis [35].

Fusilli et al reported the largest study in JHD. Two groups 
were identified, the long expansion (LE) group with a median 
CAG length of 61, and the highest expansion (HE) group with 
a median repeat size of 86. Although both shared common 
motor phenotypes, the HE subgroup showed a considerably 
lower age of onset (≤ 10 years of age) and increased mutation 
instability, manifesting with a wide variety of motor and non-
motor symptoms along the disease course; they experienced 
a faster progression rate, reduced survival, and evidenced 
specific brain abnormalities not reported in patients with 
adult-onset HD [34]. The neuropsychiatric burden of JHD is 
considerably higher than adult forms, being the most impair-
ing symptom when compared to motor features. Due to the 
low prevalence of the disease in this population and the great 
symptomatic heterogeneity, it is important for both clinicians 
and neurologists to take this into account based on the clinical 
history.

Prodromal HD

Subtle clinical features can manifest 10 - 15 years before motor 
symptoms. Since the development of the PREDICT-HD study, 
it was possible to establish the stage of prodromal HD and the 
estimated years to motor diagnosis using two variables: the 

Figure 8. Sphingosine 1 phosphate is a potent signalling lipid. HD has been associated with a significant reduction of the sphin-
gosine 1 phosphate (S1P) which action is mediated by the S1P receptors union. These receptors are located in neurons, astro-
cytes and oligodendrocytes. Experimental models identified autophagy stimulation, reduction of htt aggregation and activation of 
AKT and ErK pathways and BDNF production mediated by S1P signalling activation. Extracellularly level S1P stabilizes S1PR 
expression and activates pro-survival pathways. HD: Huntington’s disease.
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number of CAG and the current age [36]. The prodromal pe-
riod starts when any sign or symptom of HD is noted in a per-
son whether at risk of developing HD or in the carrier group.

It is separated using a three-phase scheme [37]. In phase 
I or “low probability of diagnosis within 5 years” (< 60%), 
neuroimaging findings reveal brain volume loss, with the most 
prominent changes in the basal ganglia. Cognitive difficulties 
could be slightly present but not noticeable, with fatigue as a 
very common symptom that can be mistaken with apathy or 
depression.

In phase II or “medium probability of diagnosis within 
5 years” (60-85%), approximate 7 - 13 years towards motor 
diagnosis, cognitive and behavioral problems might occur, as 
well as hyposmia [38]. Apathy, social cognition, verbal learn-
ing/memory, attention-information integration and sensory-
perceptual processing are some domains of impairment in pre-
manifest HD.

Finally, phase III or “high probability of diagnosis within 
5 years” (> 85%) and “near motor diagnosis” (< 7 years), is the 
subgroup with the most marked rate of decline in all areas stud-
ied. Cognitive impairment becomes more evident with time, 
with complete lack of insight due to striato-frontal disruption 
and is much more disabling than the motor symptoms, involv-
ing a large family burden [39]. Within the cognitive sphere, the 
main areas affected are executive function, processing speed, 
working memory, and visuospatial control [40, 41].

Huntington’s disease integrated staging system (HD-ISS) 
is a valid system of classification which uses available clini-
cal data to classify individuals into four stages. It comprises 
the whole HD course from birth (defined by the presence of 
the genetic expansion) to death. HD-ISS stage 0 includes pre-
manifest individuals with ≥ 40 CAG repeats in the HTT gene. 
Stage 1 is verified with measurable indicators of underlying 
pathophysiology (biomarkers) but still asymptomatic. Stage 
2 adds any sign or symptom to stage 1 and stage 3 includes 

symptomatic patients with loss of functionality in their activi-
ties of daily living [42].

Manifest HD

Motor features

Movement disorders are the main motor feature in HD. The 
disease is usually characterized by hyperkinetic movements 
that become hypokinetic in a later phase [33]. There are sev-
eral scales to address motor function in HD, but the Unified 
Huntington Disease Rating Scale (UHDRS) is the most com-
monly used. The motor subset item in the UDHRS can be use-
ful to assess clinical onset of HD.

Chorea is defined as an involuntary, spontaneous brief, 
rapid, purposeless, non-stereotyped, not rhythmic movement 
flowing randomly from one part of the body to another. In the 
initial stages of the disease, chorea affects appendicular and 
facial muscles (frontalis sign). As the disease progresses, it in-
volves proximal muscles, affecting the stance and gait, leading 
to a bed-bidden condition. Swallowing becomes impaired with 
frequent choking events. During later stages, severe dysarthria 
and dysphagia are commonly seen, and patients could even 
become unable to speak. Additional findings include parakine-
sis (incorporation of the involuntary movement into a volun-
tary movement), motor impersistence (“milkmaid’s grip”) and 
hung-up reflexes.

Dystonia is a hyperkinetic movement characterized by 
sustained or intermittent muscle contractions that lead to re-
petitive movements, postures or both. It is usually worsened by 
action with overflow phenomenon. Dystonic features could be 
the initial motor manifestation in HD patients, such as cervical 
dystonia [43]. Other involuntary movements might be present 

Figure 9. Natural evolution of Huntington’s disease. Functional capacity begins to decline, even from the premanifest stages, 
increasing motor disability. Regarding suicidal ideation, it is greater in premanifest stages, and begins to decrease as the disease 
progresses.
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including myoclonus and tics. Hypokinesia and/or akinesia are 
common components of the later stages in adult patients.

Cognitive features

Mild cognitive impairment (MCI) is present in more than 50% 
of premanifest HD patients. In cognitive assessment tests, 
Trail Making and Symbol digit show to be significantly altered 
in HD premanifest patients compared to controls. HD cogni-
tive impairment has an initial impact on executive functions, 
mostly expressed as the difficulty with organization and mind 
flexibility. Language is relatively spared all throughout the dis-
ease. As disease progresses, subcortical and frontal dementia 
leads to fully dependency in all daily life activities [44].

In advanced stages, the pattern of dementia has been fully 
suggested as a differential diagnosis among HD, Alzheimer’s 
disease, and Parkinson’s disease dementia.

In 2010, HD Clinical Research Group at the University 
of California proposed a set of criteria to diagnose dementia 
in HD. Their results suggest that a diagnosis of HD dementia 
should include demonstrable evidence of impairment in at least 
two areas of cognition (e.g., attention, speed of processing, ex-
ecutive functions, visuospatial abilities, and memory), without 
necessarily having memory impairment expressed [45].

Behavior and psychiatric features

As for cognitive impairment, behavioral signs and symptoms 
usually precede motor features. It has been estimated that psy-
chiatric manifestations are present in 33-76% of HD patients. 
Depression is the most frequent symptom, not quite related 
to disease stage. Suicide is more common in this group when 
compared to the general population, and more than 23% of HD 
patients have been described to have had at least one suicidal 
attempt. Suicide accounts for 3-7% of all HD deaths [46]. Oth-
er signs and symptoms often described are: anxiety (34-61%), 
irritability, apathy (70%), obsessions and hypersexuality. Psy-
chosis is typically seen in later stages of the disease [1].

Autonomic disorders

People with HD have a higher incidence of falls. This is thought 
to be multifactorial, and although movement disorders such as 
chorea and parkinsonism aggravate this risk, autonomic dys-
function has been identified as one of the main contributors to 
falls in these patients.

Terroba-Chambi et al described a relationship between 
HD faller status and heart rate variability (HRV) in different 
postural positions, correlating the fall phenomenology with the 
activity of the autonomic nervous system. On the other hand, 
early sympathetic hyperactivity in the HD population appears 
associated to an increased rate of apoptosis-induced structural 
defect in the central autonomic network, such as the hypothal-
amus, the limbic system or the brainstem [47].

Hypertension is a modifiable cardiovascular risk factor 

implicated in several neurodegenerative disorders. There is a 
direct relationship between hypertension and HD severity, pro-
gression and clinical onset, while the use of antihypertensive 
drugs showed the opposite. These findings encourage further 
studies of the symptomatic or disease-modifying properties of 
antihypertensives in neurodegenerative diseases [48].

A recent review by Park et al showed how the circadian 
timing system (altered sleep/wake) may contribute to auto-
nomic dysfunction in HD, with anterior hypothalamic involve-
ment. Several preclinical models offered convincing evidence 
that the circadian timing system is compromised early in the 
disease process [49].

Moreover, the baroreceptor reflex dysfunction has been 
associated with orthostatism and risk of falling. This risk could 
be increased by the reduced HRV and supported by the intra-
cellular inclusions in brainstem areas involved in autonomic 
regulation [50].

Oculomotor features

In symptomatic patients, oculomotor impairment includes 
apraxia of saccades, slow saccades, impersistence of gaze 
and distractibility. In premanifest HD, results remain contro-
versial and variable according to the methodology employed 
(eye-tracking equipment or oculomotor items of the UHDRS). 
Some authors report horizontal ocular pursuit as the only ocu-
lomotor item of the UHDRS affected in premanifest HD [51].

Differential Diagnosis

HD accounts for 90-99% of patients who present the typical 
clinical picture of motor findings, cognitive decline and psy-
chiatric disturbances, as mentioned above [52].

“HD phenocopy” is a term to describe those individuals 
who keep the clinical features of HD, without huntingtin muta-
tion and irrespectively of the inherited pattern [53].

The new genetic technologies contribute to the growing 
number of HD-like disorders.

In Table 2, we present the most frequent phenocopies.

Biomarkers

Clinical biomarkers

Clinical biomarkers are standardized and protocolized clinical 
tests and rating scales that serve to assess the progression of 
motor, cognitive and psychiatric aspects of HD. These tests can 
be administered by personnel with requisite training and with-
out need for expensive infrastructure, becoming accessible tool 
in most centers. However, they are not as sensitive as imaging 
biomarkers at 12-month follow-up. In this sense, PREDICT-
HD and TRACK-HD studies provide great knowledge about 
clinical biomarkers including a Q- Motor assessment that rep-
resents an objective tool to detect early motor impairment, in-
cluding tongue protrusion, forced grip and based tapping [54].



Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press Inc™   |   www.neurores.org 103

Gonzalez Rojas et al J Neurol Res. 2022;12(3):93-113

Neuroimaging biomarkers

Neuroimaging techniques include structural imaging and func-
tional and metabolic imaging measures.

Structural imaging measures caudate nucleus and puta-
men atrophy as the most important and valuable aspect. These 
changes are best related with age of disease onset, CAG repeat 
length, and motor impairment. Additionally, white matter atro-
phy is another considerable finding of prodromal individuals 
as well as manifest patients, correlating proportionally with 
cognitive and motor decline. Cortical thinning has also been 
reported, and results suggest that individual variability in corti-
cal volume loss at selected topographical regions might have 
a role in explaining the phenotypic variability. Finally, despite 
being less frequent and requiring special magnetic resonance 
sequences, metal deposition at the basal ganglia such as iron is 
another finding of the disease [55] (Fig. 10a, b).

Potential biomarkers could include measuring the total 
brain volume, as well as the striatum, caudate and putamen, 
cerebral white matter and ventricles. One of the limitations is 
that these biomarkers are susceptible to confounding factors 
that limit inter-study comparisons, such as technical differ-
ences. Finally, some inconstant results regarding the specific-
ity and sensitivity of the measurements and their correlation 
with histological changes cast doubt on the usefulness of this 
method, and further studies are needed for it to be reliably used 
[56].

Macroscopic neurodegeneration in HD is likely to be pre-
ceded by substantial neuronal dysfunction many years before-
hand. Hence, imaging techniques such as functional magnetic 
resonance imaging (fMRI), positron emission tomography 
(PET), and magnetic resonance spectroscopy (MRS) might 
allow identifying early neuronal physiological disturbances 
before noted in structural neuroimages. These bio-imaging 
techniques are better at monitoring early stages of disease pro-

gression and could even be used to measure treatment response 
[57] (Table 3).

fMRI findings suggest that premanifest disease could be 
divided into at least two stages, regarding metabolic activity. 
An initial one, with predominant upregulation and increased 
regional brain activity, was followed by a later phase in which 
this level of activity decreases coinciding with the onset of 
clinical manifestations. In any case, these stages are still under 
investigation and need to be clarified through further longitu-
dinal studies. The true functional and physiological importance 
of the altered fMRI activation patterns in this disorder is erratic 
and thus its use as a biomarker may prove to be difficult [58].

PET measures glucose reuptake and dopaminergic signal-
ling. HD patients have been found to have a lower glucose me-
tabolism at a striatal level and regional reductions in cortical 
glucose. The deficit at the caudate and cortical level is corre-
lated with cognitive impairment, whereas striatal hypometabo-
lism is more linked to motor deficits and reduced functional 
capacity [59].

Results from comparing PET imaging in manifest patients 
with presymptomatic gene carriers revealed a more marked de-
terioration rate of striatal metabolism in the former. Research 
studies of dopaminergic network, more specifically D1 and D2 
receptors, have shown reduced concentration and activity of 
both in the striatum, in a directly proportional manner to the 
severity of the clinical findings and disease duration [60].

A longitudinal study with 18F-fluorodeoxyglucose PET 
(18FDG-PET) imaging in a premanifest group revealed a hypo-
metabolism in certain regions, including the caudate and puta-
men, countered by relative hypermetabolism in thalamic struc-
tures at preclinical stages. These opposite mechanisms might 
indicate compensatory thalamic metabolic activity during a 
period of early neuronal loss, and the contrary was associated 
with the emergence of symptom onset. Despite everything 
stated above, the use of functional imaging as a biomarker will 

Table 2.  Differential Diagnoses of Huntington’s Disease, Autosomal Dominant (AD) and Autosomal Recessive (AR) Phenocopies, 
With Their Respective Genes Involved and Clinical Findings that Contribute to Reaching the Correct Diagnosis

Disease Gene Mt OMIM Clinical findings/red flags Ancestry
AD
  HDL2 JPH-3 606438 Circulating acanthocytes African
  SCA 17 TBP 607136 Ataxia chorea Europe
  SCA 2 ATXN2 183090 Nystagmus, impaired saccadic movements and pyramidalism Brazil
  C9orf72 HRE 614260 Early psychiatric and behavioral problems pyramidal features
  HDL1 PRPN 603218 Chorea prionic disease African
  DRPLA ATN1 607462 Myoclonus, seizures and/or chorea Japan
  NBIA3 FTL 606159 Chorea replaces parkinsonism
  BHC TITF1 610978 Childhood disease accompanied by hypothyroidism
AR
  CA VPS13A 200150 Movement disorders, cognitive decline and behavioral abnormalities

HDL: Huntington’s disease-like; SCA: spinocerebellar ataxia; DRPLA: dentorubropallidoluisiana; NBIA: neurodegeneration with brain iron accumu-
lation; BHC: Bening hereditary chorea; CA: chorea acanthocytosis; JPH-3: junctophilin-3; TBP: tata box-binding protein; ATXN2: ataxin-2; HRE: 
hexanucleotide repeat expansion; PRNP: prion protein gene; ATN1: ataxin 1; FTL: ferritin light chain; TITF1: thyroid transcription factor 1; VPS13A: 
vacuolar protein sorting 13 homolog A.
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require further longitudinal studies comparing both groups, 
and is not yet available in clinical practice [61].

One of the most recent advances in functional imag-
ing involves the intracellular enzyme phosphodiesterase 10A 
(PDE10A). This enzyme has a role in the regulation of striatal 
signalling with a high expression in the median spiny neurons 
of the striatum. The PDE10A inhibition improves cortico-ba-
sal function in HD with visible changes using a PDE10A PET 
radio ligand, although the Pfizer Amaryllis trial showed no 

symptomatic improvement [62]. As this specific protein suf-
fers various modifications along the neurodegenerative pro-
cess, it turned out to be a very valuable biomarker, showing 
alterations through PET imaging, even 15 to 20 years prior to 
clinical manifestations [63].

MRS recently became a novelty with possible profitability 
in HD. Lower concentrations of putaminal N-acetyl aspartate 
(marker of neuronal viability) have been found in premanifest 
and early disease patients compared to controls, proving early 

Figure 10. (a) Enlargement of both frontal horns of the lateral ventricles due to caudate atrophy (arrow). Axial T2-weighted se-
quence. (b) Diffuse bilateral and symmetric hypointense signals in T2 SWAN (magnetic susceptibility) sequence due to abnormal 
mineral deposition, slight dilation of the anterior extensions and lateral ventricles. Decreased volume of both globus pallidus 
(atrophy).

Table 3.  Summary of Neuroimaging Biomarkers and Its Findings

PET Radioligand Findings
Glucose metabolism 18F-FDG Hypometabolism in the caudate and putamen countered by 

hypermetabolism in thalamic structures at preclinical stages.
Striatal and Cortical hypometabolism are associated with motor 
and cognitive symptoms. Changes may precede neuronal loss.

Dopamine D2r 11C-βCIT; 11C-TBZ presynaptic tracers. 
11C-raclopride**/11C FLB457

**Putamen binding correlations: motor score UHDRS; total 
functional capacity. Reduction cortical and putaminal binding

PDE10A 18F-MNI-659*** High expression in the median spinous neurons of 
the striatum (possible therapeutic target)
***Earliest change in carriers premanifest, even 15 
to 20 years prior to clinical manifestations

11C-IMA-107
Microglial activation 11C-PK11195 Cortical and subcortical areas of significantly raised mean 11C-(R)-

PK11195 binding in presymptomatic HD gene carriers compared 
to controls. Predictive 5-year probability of developing HD.

PET: positron emission tomography; UHDRS: Unified Huntington Disease Rating Scale; FDG: fluorodeoxyglucose; HD: Huntington’s disease.
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striatal neuronal loss [64]. Concerning its sensitivity compared 
to the aforementioned imaging studies, disease progression 
and response to treatment might correlate better with metabo-
lite changes than with regional volumetric loss, indicating that 
MRS may be a superior method for measuring therapeutic ef-
ficacy. Controversial data were reported regarding striatal glu-
tamate and glutamine concentrations using MRS technique in 
early stages. Both found to lead towards a potential excitotoxic 
state in HD [65].

Curiously, a supposed anti-excitotoxic role of creatine has 
been proposed, since the increase in intracellular energy levels 
after its supplementation attempted the decrease in the levels 
of glutamate and glutamine [66].

Larger samples are needed in order to prove whether this 
method is useful to determine disease evolution and response 
to treatment.

Biochemical biomarkers

Homeostasis alterations

In HD, there is a fail in maintaining homoeostasis, associ-
ated with increased physical stress, anxiety and mood disor-
ders, which can be correlated with alterations inherent to the 
hypothalamic-pituitary-adrenal axis and the hypothalamic-
pituitary-gonadal axis. Increased cortisol, adrenocorticotropic 
hormone and testosterone concentrations in plasma, serum and 
urine samples have been reported [67]. Nonetheless, these re-
sults have not been replicated thus far.

Endocrine disturbances

Weight loss leading to end-stage cachexia is commonly ob-
served in some individuals, originally attributed to the caloric 
expenditure of choreic movements, but later studies observed 
that weight loss is also evident in patients with an akineto-
rigid syndrome or even in pre-manifest cases, leading to the in-
vestigation of mechanisms that control weight, such as leptin, 
growth hormone, ghrelin and vasopressin, among others. As 
happened with other potential biomarkers, the evidence found 
was discrepant [68].

On the other hand, neuronal inclusions of HTT have been 
reported in the hypothalamus of HD patients involving neuroen-
docrine disturbances. Ahmad Aziz’s group showed that increas-
es in cortisol production were mainly confined to the morning 
and early afternoon period, pointing toward a disturbed central 
glucocorticoid feedback regulation in HD patients due to an 
HPA axis dysfunction, becoming an early feature of the disease. 
Despite this, more studies are needed to confirm this hypothesis, 
and from it develop targeted therapies [69].

Mitochondrial dysfunction

Mitochondrial dysfunction is strongly implicated in the patho-
genesis of HD. Therefore, several antioxidant compounds have 

shown promise as biomarker candidates, for example, decreased 
concentrations of glutathione peroxidase and copper-zinc super-
oxide dismutase in erythrocytes from HD patients compared 
with controls [70]. Higher concentrations of serum uric acid are 
associated with slower progression of the disease and progres-
sive decreases in concentrations of creatine kinase were identi-
fied from both premanifest as manifest individuals [71].

Immune alterations

Investigations of the immune system in HD led to identified 
elevated cytokine concentrations, including interleukins 4, 6, 
8, 10, and 23, tumor necrosis factor alpha (TNF-α) in brain 
and plasma samples of patients compared with controls [72]. 
Interleukin 6 and interleukin 8 levels showed similar concen-
trations between plasma and cerebrospinal fluid (CSF), with 
increasing values according to disease severity.

Combining different cytokines was more profitable at dis-
tinguishing disease states.

This was especially true regarding interleukin 6 concen-
tration, which was increased in premanifest individuals at an 
average of 16 years from predicted phenoconversion, being 
the earliest biochemical abnormality identified in HD muta-
tion carriers until now.

Although such compounds offer potential as biomarkers, 
increased immunological activity might be increased due to 
any other reason, such as comorbid conditions, commonly 
seen in this cohort [73].

Cholesterol metabolism

Oxidation of cholesterol at brain basis to 24S-hydoxy choles-
terol (24OHC) is crucial for central nervous system develop-
ment and its correct function and could be interrupted in HD. 
Low concentrations of 24OHC on plasma have been reported 
in patients and premanifest individuals, correlating with cau-
date atrophy. Not only was its metabolite found to be reduced, 
but also reductions in plasma concentrations of total cholester-
ol were reported in HD patients as well as in premanifest car-
riers compared with controls. Unfortunately, total cholesterol 
levels in first-degree relatives with negative genotype were 
also significantly lower than controls, suggesting unrelated ge-
netic or environmental impacts. Nevertheless, 24OHC enables 
differentiation between healthy controls and premanifest indi-
viduals, indicating its potential as a biomarker [74].

Glutamate and GABAergic systems

Both glutamate and GABAergic systems, along with aminoac-
ids such as aspartate and the enzymatic activity of aspartate 
and glutamate aminopeptidase, homovanilic acid, dopamine 
and prolactin have shown different results when comparing the 
findings between plasma and CSF, as well as between manifest 
and premanifest patients, making them unreliable biomarkers 
now [75, 76].
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Neurofilaments (Nfs)

Nfs are heteropolymers composed by heavy, medium and light 
(NfL) chains and α-internexin subunits, that provide structural 
support for the axon caliber and intracellular traffic. They are 
released into the extracellular space and the CSF and, at lower 
concentrations, into the blood, depending on the degree of the 
axonal damage. Fourth-generation (single-molecule array) im-
munoassays can reliably measure both CSF and blood levels 
of Nf and are capable of detecting subtle changes along dis-
ease course. Patients with HD have shown increased Nf CSF 
levels, strongly correlated with disease progression. Therefore, 
Nf levels in blood could be included as a possible parameter in 
future clinical trials for this disease [77].

HD is a heterogeneous disease, and this influences the pos-
sible usefulness of the different biomarkers mentioned above. 
It is fairly evident that they tend to change during the course of 
the disease, rendering it unlikely to identify a single biomarker 
but rather a combination of them [78].

Treatments

Current available treatments are purely symptomatic and focus 
on improving motor and non-motor symptoms.

Many clinical trials have been working on the search for 
symptomatic and disease-modifying therapies. Furthermore, 
phase III human trials of gene silencing techniques are now 
ongoing.

The latest consensus about treatment options was per-
formed by the European Huntington’s Disease Network 
(EHDN) and published in 2019. Data were obtained from 15 
European experts from the national and steering committees 
and 73 worldwide additional experts from 25 countries. Here 
we will provide a summary of some of the aspects they men-
tion [79] (Table 4).

Symptomatic Therapy

Motor symptoms

Chorea only requires treatment if it impacts or impairs the pa-
tient’s quality of life, functionality, or safety. The efficacy of 
typical neuroleptics is well known; however, these drugs have 
many adverse effects such as tardive dyskinesia, akathisia, 
acute dystonia, parkinsonism, sedation and depression. Atypi-
cal neuroleptics (clozapine, quetiapine, risperidone, olanzap-
ine, and aripiprazole), on the other hand, are potentially effec-
tive with less incidence of tardive extrapyramidal syndromes, 
mainly regarding clozapine and quetiapine, but recently cogni-
tive impairment has been reported associated with their chron-
ic use [79].

In juvenile forms, dopamine agonists such as pramipex-
ole (PMX) showed improvement in motor and depression 
scales compared to levodopa, but considering their behavioral 
adverse effects, they are not widely recommended. A recent 

work of Ravello et al showed a possible neuroprotective role 
of PMX in HD. These statements are based on the fact that 
autophagy can be promoted from the stimulation of D2-D3 re-
ceptors, encouraging htt clearance. They tested this drug on 
mice for 4 weeks and registered reduced striatal levels of solu-
ble HTT afterwards [80]. It is not discarded that improvement 
produced by PMX could be due to direct dopaminergic/symp-
tomatic effects on motor regulation rather than to neuroprotec-
tion and further investigation is needed.

Tetrabenazine (TBZ) is the only medication approved 
for treatment of chorea in HD. It selectively depletes central 
monoamines by reversibly binding to the type 2 vesicular 
monoamine transporter (VMAT-2). Since VMAT-2 contains 
and transports serotonin, dopamine, and norepinephrine from 
the cytoplasm into presynaptic vesicles, its inhibition leads 
to early degradation of these monoamines. The reduction of 
dopamine improves chorea, while depletion of serotonin and 
norepinephrine may result in worsening depression and anxi-
ety, and increase the risk of suicide [81].

Two new drugs were recently developed and approved for 
the treatment of chorea. Deutetrabenazine is a deuterated TBZ 
with a longer half-life (two daily dosing) and better tolerability 
than TBZ. Valbenazine, a prodrug of an isomer of TBZ, with 
a longer half-life allowing once-a-day dosing, previously ap-
proved for tardive dyskinesia, is under FDA submission for 
chorea [82].

Regarding motor symptoms other than chorea, there are 
many symptomatic options that vary according to each one. 
Unluckily, these options have limited benefits and are based on 
low-quality evidence. Some examples are the use of levodopa 
and dopamine agonists in Westphal variant for parkinsonian 
and dystonic features, valproic acid or benzodiazepines for 
myoclonus [83] and botulinum toxin in patients with severe or 
disabling focal or segmental dystonia.

Cognitive symptoms

Based on a significant loss of acetylcholine and acetylcholine 
transferase activity in the striatum, nucleus accumbens and 
hippocampus in HD patients, rivastigmine has been evaluated 
in some studies. The results are variable but currently it is still 
the best available option at treating cognitive symptoms.

One of the theories postulated asserts that at least part of 
the neurodegeneration in HD occurs as a result of glutamater-
gic excitotoxicity in the striatum. One small, open-label study 
suggested a potential neuroprotective effect following long-
term treatment with memantine, a non-competitive glutamate 
receptor antagonist; however, this finding still needs confirma-
tion and memantine is currently not approved for treatment of 
cognitive impairment in HD [84].

Psychiatric symptoms

Depression is the most common and disabling psychiatric 
symptom (33-70%). There is a known benefit of the selective 
serotonin reuptake inhibitors (SSRIs), especially fluoxetine 
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Table 4.  Summary of the Most Commonly Used Drugs With Their Respective Doses in Each of the Symptoms Associated With 
Huntington’s Disease

Symptoms Feature Target Drug group Drug Doses

Motor 
symptoms

Chorea Reduce dopaminergic 
neurotransmission

Typical neuroleptics Haloperidol 0.5 - 10 mg

Atypical neuroleptics Clozapine 50 - 150 mg
Quetiapine 25 - 200 mg
Olanzapine 2.5 - 20 mg
Risperidone 0.5 - 2 mg

Sigma 1 receptor agonist Pridopidine* Post-hoc analysis 
improved TFC 
in early HD

Anti-NMDA7 
glutamatergic Inhibitor

Amantadine 100 - 400 mg

Presynaptic dopamine-
depleting agents

Selectively depletes 
central monoamines

Tetrabenazine 12.5 - 200 mg

Deutetrabenazine 12.5 - 50 mg
Valbenazine 40 - 80 mg

Cognitive 
symptoms

Dementia Cholinesterase inhibitor Cholinesterase inhibitor Rivastigmine 1.5 - 13.3 mg

Inflammation regulation p38α MAPK inhibition* Neflamapimod NCT03980938
Anti-glutamatergic NMDA receptor modulation* SAGE-718 NCT03787758

Psychiatric 
symptoms

Depression SSRIs Fluoxetine 20 - 60 mg

Citalopram 20 - 60 mg
Escitalopram 10 - 20 mg
Paroxetine 20 - 60 mg
Sertraline 50 - 200 mg

Tricyclic antidepressants Tricyclic antidepressants Nortriptyline 25 - 150 mg
Desipramine 100 - 300 mg
Amitriptyline 75 - 150 mg

Atypical antipsychotics Olanzapine 2.5 - 10 mg
Risperidone 0.5 - 2 mg
Aripiprazole 10 - 30 mg
Clozapine 50 - 150 mg
Quetiapine 25 - 200 mg

Obsessive and/or 
compulsive symptoms

Mood-stabilizing 
antiepileptic drugs

Antiepileptic drugs Valproate 500 - 2,000 mg

Carbamazepine 200 - 1,600 mg
Lamotrigine 25 - 400 mg
Topiramate 25 - 400 mg

Agitation Benzodiazepines Clonazepam 0.5 - 6 mg
Irritability Morphinan/class I 

antiarrhythmic agent
Dextromethorphan/
quinidine*

NCT03854019

Apathy Norepinephrine/dopamine 
reuptake inhibitor

Bupropion Negative results
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and citalopram. In cases of SSRI intolerance, tricyclic antide-
pressants such as nortriptyline or desipramine may be used, 
whose resulting anticholinergic capacity is less than amitrip-
tyline [85]. In cases of refractory depression, atypical antipsy-
chotics such as olanzapine, risperidone, aripiprazole or clozap-
ine have all shown benefit in case reports and small open-label 
case series [86-88].

SSRIs are also useful to treat obsessive and/or compulsive 
symptoms, very commonly seen among this population. In the 
case that adjunctive therapy is needed, the recommended drugs 
are those mood-stabilizing antiepileptic drugs (AEDs), includ-
ing valproate, carbamazepine, lamotrigine and topiramate, all 
with variable benefits among patients [89].

Agitation may respond to benzodiazepines such as clonaz-
epam. Pharmacological treatment of irritability includes SSIRs 
(fluoxetine, sertraline) as first-line therapy, and clomipramine 
and buspirone as second-choice strategies [79].

Curiously, only a few clinical trials have been conducted 
in behavioral disorders, and recent research failed to demon-
strate a benefit of buspirone in treatment of apathy. Ongoing 
studies are aiming to evaluate dextromethorphan/quinidine and 
a vasopressin 1A receptor antagonist (SRX46) for irritability.

Psychosis and delusions are less common symptoms and 
have been reported in 3-11% of patients, with more extensive-
ness in later stages of the disease. In these cases, atypical an-
tipsychotics are recommended [90].

Cannabis in HD

In recent decades, the endocannabinoid system has attracted 
considerable interest as a possible therapeutic target in numer-
ous pathological conditions. Its involvement in various physi-
ological processes is well known, such as energy balance, ap-
petite stimulation, blood pressure, pain modulation, nausea 
and vomiting control, memory, learning and immunity, as well 
as in pathological conditions where it plays a protective role. It 
has been reported that changes in endocannabinoid levels may 
be related to some neurodegenerative diseases such as Parkin-
son’s disease, Alzheimer’s disease, and H’D.

Numerous preclinical studies have described altered en-
docannabinoid system (ECS) expression in the areas involved 
in HD, suggesting a role in disease progression. Post-mortem 
studies of HD patients showed a significant loss of CB1 re-
ceptors (nearly 97.5%) in basal ganglia structures, especially 
in the globus pallidus. Despite this, the administration of oral 
cannabidiol (CBD) (10 mg/kg/day for 6 weeks) did not im-
prove any of the symptoms of patients with HD, and the use of 
nabilone enhanced chorea and cognitive problems [91]. More 
studies are needed to establish the potential use of cannabi-
noids in HD.

Role of neuroglobin (Ngb)

Ngb is a 17-kDa monomeric hexa-coordinated heme protein 
belonging to the globin family, of which until now only he-
moglobin (Hb) and myoglobin (Mb) were known to be present 

in vertebrates [92]. Ngb was discovered in the year 2000, and 
was found to be highly conserved throughout evolution. It is 
extensively expressed in both central and peripheral nervous 
systems. Higher levels of Ngb were found in hypoxic-ischemic 
pathologies, from which its possible neuroprotective role was 
inferred. It has been reported that Ngb overexpression is relat-
ed to cytoprotective effects on neurons, anti-apoptotic features 
on nerve tissue and protection against oxidative stress [93].

The main physiological functions of Ngb are binding and 
transport of O2, removing reactive species. The potential neu-
roprotective role was investigated in many neurodegenerative 
diseases such as Alzheimer’s disease and HD [15]. Apparently, 
HTT and Ngb have a neuroprotective role triggered by the 
hormone 17β-estradiol (E2) protecting neurons from apopto-
sis, and this synergic pathway seems to fail when huntingtin is 
mutated. The Ngb neuroprotective role is probably related to a 
synergic mechanism which involves improving mitochondria 
function, decreasing the secretion of reactive oxygen species 
and nitric oxygen and inhibiting the intrinsic pathway of cell 
death.

Considering the aforementioned mechanisms, inducing 
the Ngb expression in different pathologies, such as ischemia, 
hypoxia, AD and HD, could be a new therapeutic approach 
against neurodegenerative diseases [94].

Unluckily, recombinant Ngb therapy is not suitable as it 
is an intracellular protein which does not cross cellular mem-
branes. However, small molecules (natural and synthetic) 
proved well as vectors which overpass blood brain barrier, 
inducing the upregulation of Ngb both in vitro and in vivo 
experiments [95]. Several molecules able to induce Ngb are 
under study, such as iron chelators (deferoxamine), hormones 
(estrogens), short-chain fatty acid derivatives (cinnamic and 
valproic acids) nonsteroidal anti-inflammatory drugs and met-
formin [96].

So much material is available regarding Ngb and its neu-
roprotective role, and the induced overexpression could repre-
sent a possible therapeutic approach to treat neurodegenerative 
diseases that, to date, are lacking in effective therapies.

Disease-modifying approaches: targeting mutant hunting-
tin

Antisense oligonucleotides (ASOs)

ASOs are capable to reduce, restore, or modify RNA and 
protein expression. ASOs are synthetic single-stranded DNA 
analogs, usually 16 to 22 bases long, that selectively bind to 
specific complementary disease-causing pre-messenger RNA 
(mRNA), previous chemical modifications to avoid rapid deg-
radation by cellular nucleases.

ASOs can regulate target gene expression in different 
ways, most commonly by recruiting ribonuclease H1 (RNase 
H1). After selective binding of the ASO to its target RNA, 
an RNA-DNA hybrid is formed, inducing messenger RNA 
(mRNA) degradation by RNase H1.

The ASO-based therapeutic trial using an HTT-target-
ing non-selective ASO RG6042 has been halted for futility. 



Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press Inc™   |   www.neurores.org 109

Gonzalez Rojas et al J Neurol Res. 2022;12(3):93-113

A second one, called Precision-HD1 uses the allele-specific 
ASOs WVE-120101 and WVE-120102, targeting mutant htt 
mRNA, preserving the translation of the healthy allele [97]. 
Low levels of HTT were maintained even after a single in-
trathecal injection of ASO in animal models, suggesting a pro-
longed but reversible effect in HD patients [98]. Preliminary 
reports showed intrathecal delivery of RG6042 ASO to be safe 
and well tolerated, although cases of thrombocytopenia were 
reported in some patients, making it a parameter to monitor 
during the study. ASOs that target specific single-nucleotide 
polymorphisms linked to the CAG expansion show promise in 
preclinical models of HD. Unfortunately, many of these ASO 
therapies failed to reach the primary end point and new post-
hoc analyses are under review.

Targeting DNA

Currently, approaches targeting DNA are aimed at modulating 
the CAG repeats. They can either modulate gene transcription 
or directly alter the HTT gene by using specific DNA-binding 
elements. Ongoing trials are focused on three main classes of 
nucleases designed for DNA-targeting purposes: zinc-finger 
nucleases (ZFNs), transcription activator-like effector nucle-
ases (TALENs), and Cas9 or other RNA-guided bacterial nu-
cleases, each of them with a different mode of action and DNA 
binding mechanism.

1) ZFNs

ZFNs are active effectors nucleases, linked to a DNA binding 
element built of an assemblage of multiple zinc finger pep-
tides. Each one of them can bind a sequence of three to five 
different nucleotides of the DNA chain. Zinc-finger proteins 
(ZFPs) without nuclease activity can lower gene expression 
just by binding to the DNA strand and precluding gene tran-
scription. Regarding its possible use in HD, ZFPs can be de-
signed to bind selectively to expanded CAG repeats without 
altering normal ones. Recent data showed lower HTT expres-
sion by ZFPs, with no impact on normal proteins. These results 
encourage further studies in order to develop allele-specific 
ZFP repressors and ZFNs as potential therapies for HD [99].

2) TALENs

TALENs are very similar to ZFNs. They use a nuclease effec-
tor domain bound to a DNA recognition domain. This binomi-
al uses a series of specific repetitions of amino acids that bind 
to a specific nucleotide, with different amino acid combina-
tions recognizing different DNA sequences. They have shown 
higher efficiency and specificity compared to ZFN, but as they 
need a specific nucleotide at the end of the DNA sequence, 
it could be a limitation with potential targets. The only work 
published on HD patients using TALENs derived fibroblasts 
showed very low efficiency, encouraging further studies in this 
area [99].

3) CRISPR/Cas9

CRISPR/Cas9 system is based on a bacterial immune system 
that recognizes and destroys foreign DNA. The acronym that 
gives its name stands for “clustered regularly interspaced short 
palindromic repeats”, and the Cas9 protein is an RNA-guided 
nuclease that cleaves double-strand breaks in specific DNA 
sites. Unlike ZFNs or TALENs, this system does not use a 
DNA recognition domain, but rather specific RNA machinery 
that targets the DNA areas of interest [99].

Small molecules

Small molecules targeting RNA is an orally bioavailable drug 
that crosses the blood brain barrier and modulates the splicing 
of HTT precursor mRNA. It is a promising disease-modify-
ing strategy as they have shown to reduce HTT levels in HD 
patient-derived skin cells and neurons, leading to a 50% re-
duction of CSF HTT in two mouse models trials [99]. Human 
trials are ongoing.

Other additional targets to mention include sigma recep-
tors agonist (pridopridine) involved in several mechanisms, 
such as neuroinflammation modulation through the comple-
ment cascade (specifically C1Q), gene therapy conversion of 
striatal astrocytes into GABAergic neurons. Probably, one of 
the most promising targets is a new ASO which targets MSH3, 
one of the components of the DNA repairs pathways acting as 
HTT modifier.

Conclusions

HD is a progressive and devastating disorder for both the 
individual and the family. It affects those who suffer from it 
not only physically, but also psychologically and socially. A 
vast number of publications have come to light improving 
our knowledge about the disease, from its natural history and 
pathogenesis as well as the care for patients, which fortunately 
has increased over the past two decades.

So where do we stand regarding HD and where are we 
headed? Many studies are based on further understanding its 
pathophysiology and finding a reliable biomarker that can be 
easily reproduced. This may be path to developing the long-
awaited drug that interferes with the disease process. To date, 
few treatments are available and a large number of clinical 
trials have failed. However, the ongoing development of new 
therapeutic strategies capable of targeting HTT directly an-
nounces a new era for HD investigation and we believe we are 
closer than ever to finding true potential treatments to modify 
and even prevent HD. The developments are promising but 
there is still a long way to go.
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